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Abstract 
Herbal leaves are used widely in local medication. But now a day, an ordinary person has little knowledge 
about those herbs and he may not identify such herbals easily. As a first step of computer based recognition of 
herbs, an analysis has been made to identify the best method for segmenting leaves object from its background. 
This type of segmentation is a preprocessing step required in identification of species of leaves or plants. Several 
methods are available for detecting the objects based on global and local features of an image. In this paper we 
are examining various object detection techniques for segmenting leaves based on color, shape and texture. 
Features like local adaptive mean color, evidence based color model, color histogram techniques are used. 
Boundary structure model is used to detect the leaves based on boundary descriptors of an image and Chan-Vese 
algorithm is used to segment the leaves from complex background. To extract leaves from texture background, 
edge focusing algorithm is used. From our experimentation analysis, shape is the powerful characteristics of 
segmenting leaf images and Chan-Vese algorithm provides better results compared to other techniques without 
affecting the leaf colors, texture etc.  
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I. Introduction 
Identification and classification of leaves of various plants was done manually over many decades. But it was very 
complex process because many of the leaves have similar morphological characters such as shape, color and 
texture 1.  We need novel methods of image processing to overcome such problems when automatic identification 
of leaves is to be introduced. A simple and effective recognition scheme is to represent and match images based 
on color histograms.  Texture gives us information about the spatial arrangement of color or intensities in an image 
or selected region of an image.  Texture can be outlines as the spatial pattern formed by the surface characteristics 
of an object that manifests itself as color or grayscale variations in the image.  Texture analysis is done in a spatial 
or the frequency domain.  Gray level co-occurrence, Markov random fields and Gabor filters are used to recognize 
textures. Marko and LBP operator methods can tolerate against illumination changes 8.  Minu and Thyagharajan 11 
combine dominant color descriptor, color layout descriptor and edge histogram descriptor to classify flower 
images using SVM classifier. They have also suggested a method named hidden value learned K-mean algorithm12   
to identify the prevalent or dominant color in a flower image and also proposed a new method based on gray level 
co-occurrence matrix (GLCM) in their paper13 to recognize the texture of flower images. 
Shape is the most distinctive individual characteristic of an object.  Shape is analyzed either on region or on 
boundary.  Region based approach uses moment descriptors like Zernike or Legendary moments.  Boundary based 
system utilizes the contour of objects based on Fourier descriptors, curvature scale space methods or deformable 
templates. Belongie identified shapes are denoted as a set of points sampled from shape contours 2. 
This paper is organized as follows.  In section 2, various color based object detection techniques are explained.  In 
section 3, texture based detection techniques are examined.  In section 4, shape based techniques are introduced. 
In section 5, some of the techniques applied to the leaf images and the results are analyzed.   
2.  Color based object detection techniques 
The color histogram represents the distribution of colors in an image 10.  A histogram of an image is produced first 
by the discrietization of the colors in the image into number of bins and counting the number of image pixels in 
each bin. After computing histogram value in order to obtain illumination changes, the RGB color image is 
normalized. But color histogram technique provides classification inaccuracy because same color information is 
shared by all objects of an image, we cannot differentiate components of an image separately. To avoid these 
problems global and local adaptive mean color models are introduced 3. 
Guilliaume cerutti et al 3 have used L*a*b color space which is perceptually different from regular RGB color 
manifestation and intersects well the chrominance information from the luminance.  The color distribution of 
L*a*b forms a straight continuous cylinder. But other color spaces such as HSL, RGB produce curved cylinders. This 
algorithm initially selects the smaller region in L*a*b color space after it considers the same axis for the whole leaf. 
This color segmentation considers leaf pixel which is not close to the initial region of leaf image and it discriminates 
the leaf of interest from other leaves of similar color in the background.  
The color of a leaf may vary due to climate changes, reflection, venation and shadows. A global linear regression 
model considers these changes also as a color and makes difficult to differentiate a foreground and background of 
a leaf object.  To avoid such confusion, local adaptive mean color model computes the mean value of the 
neighborhood around the pixel. Then this mean value is updated through the entire leaf image. This process is 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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repeated for all neighborhood regions. But finding the color transition between the leaf and background image is 
difficult and because in many cases large part of the background pixel values are close to the values of the pixels in 
the object.   
                                                                                   
  
 
 
 
When we are applying global and local adaptive mean color linear regression model, we cannot separate the 
foreground and background of an Image. In global linear regression model it considers 3 similar color for all leaves. 
The local adaptive mean color method uses eight neighborhood pixel values to estimate the mean value. To 
overcome these drawbacks of global and local adaptive mean color mode and for achieving better results with 
color images, K-means clustering algorithm is used. The following figure shows the result of this algorithm 
 
object in cluster1
objects in cluster 2 objects in cluster 3
 
Fig 2.2  Result of K-means Clustering Method 
 
3. Texture based segmentation 
Fig 2.1:  (a)input Image  (b) local adaptive mean color image 
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 Edges detect and characterize significant intensity changes in an image8 and it can be applied to find out 
the edge contour of an object.   An edge focusing algorithm detects smallest scale space image recursively and 
returns the result to a specified array. 
 
 
 
 
 
Fig 3.1:   (a) Input Image                                                      (b) After edge detection 
 
4. Shape based Leaf detection technique 
Shape is commonly defined in terms of the set of contours that describe the boundary of an object.  Shape can be 
very useful to detect clutter images4. Shape is the important characteristics for identifying the family of leaf.  
Botanist usually identifies species of leaves based on the botanical name but others can’t identify the species by 
botanical name. They can be identified based on the basic shapes introduced in Fig 4.1.  
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Fig 4.1: Shapes of leaf 
The classification of species of leaves based on arrangement of leaf, margin of leaf, leaf base and tip, leaf vein and 
shape of leaf. Table 4.1 shows some of the species based on the shape.  
Table 4.1: Species of Leaves 
S.No Name of Leaf Species Basic Characteristics of Leaf Species 
1. Alliaceae onion Family 
Biennial herbs, Narrow base Leaf 
Ex:Onion,Garlic 
2 
Amaranthaceae s. lat. 
AMARANTH  B FAMILY 
Ovate Shape leaf 
Ex:beet,spinach 
3 
Amaryllidaceae 
AMARYLLIS FAMILY 
Linear Shape leaf 
Ex:Spider lilly,Swamp Lilly 
4 
Anacardiaceae 
CASHEW FAMILY 
Pinnate Shape Leaves 
Ex:Mango 
5. 
Apiaceae s. lat.                                           
D CARROT and GINSENG FAMILY 
Lobed Shape Leaf 
Ex:Cumin,fennel 
6. 
Asphodelaceae 
ALOE FAMILY 
Linear Shape Leaf 
Ex:Aloe 
7. 
Brassicaceae s. str. 
MUSTARD FAMILY 
Lobed Shape Leaf 
Ex:Cabbage 
8. 
Boraginaceae s. str. 
BORAGE    A FAMILY 
Simple Leaf 
Ex: Pulmonaria 
9. 
Cucurbitaceae 
CUCUMBER   A FAMILY 
Lobed 
Ex:Watermelon 
10. 
Cyperaceae                                            
C SEDGE FAMILY 
Linear Leaf 
Ex:Sedge 
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Fig 4.2:  parts of leaves 
 
For extracting shapes from leaves, Yunyung Nam14 used, edge detection methods for identifying contours of 
images.   Z.Husin15 used thresholding methods to identify the shapes.  But these techniques we are applying only 
for gray level images.  But for real time images  Active contour model of Chan-Vese algorithm gives better result 
compared to other basic methods. 
  
  
 
 
 
Fig 4.3(a).Input Image                     (b).Contour of Image after applying basic contour detection technique 
Active contour models otherwise called as snakes, are autonomous and self adapting in their linear search for 
minimal energy state. They can be used to track dynamic objects in temporal as well as spatial dimensions. It  is 
used to obtain a complete and accurate outline of an object. In general active contour model has several problems 
such as,  
 Several snakes require an initially unknown number of Contours. 
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 Different types of snakes will need different initialization condition 
 It is needed to split up the snakes when they approach contours. 
 To avoid such problems, level set approach was introduced. Initially the level set approach was applied to whole 
regions rather than edges. So contours are represented implicitly. Here we apply Chan-Vese active contour for 
whole region of images rather than edges. 
 Chan-Vese active contour 6 is a powerful and flexible method which is able to segment many types of images.  This 
model is based on an energy minimization problem, which can be reformulated using the level set formulation to 
solve this problem. Most of the level set formulation methods are based on first order and second order partial 
differential equations of the curvature models 9, 6. Figure 4.4 (a) is obtained by applying image cropping method to 
extract a single leaf from the bunches of leaves and Figure 4.4.(b) is obtained after applying Chan-Vese 
Segmentation algorithm on the cropped image.  
  
 (a).Cropped Image               (b)  Segmented Image 
Fig.4.4: Chan-Vese Algorithm Applied to a Single Leaf      
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Fig  4.5 Chan-Vese for whole Image                Fig 4.6 Chan-Vese for thin edges 
 
Figure 4.5 shows the result of Chan-Vese algorithm applied to entire image that has many leaves. It works well for 
large images, but it takes more time for execution because the number of iterations is more. It works well for thin 
edges also.  Figure4.6 shows the result of thin edges. After identifying edges ,this algorithm is used to remove 
some unwanted edges from both foreground as well as background. From our observation, Chan vese algorithm 
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works well for thin edges, and it gives the results for whole region. But execution time is more when we are 
applying for large images.  
 
We consider another method called Distance Regularized active contour model 16 which regularizes the level set 
formulation. There is no need of reinitialization of level set formulation. In chan –Vese algorithm we need to 
reinitialize the levelset formulation to its distance function because conventional level set formulation leads to 
numerical errors. So it takes more number of times to complete the process.  So time complexity is more. But in 
DRLS there is no need of reinitializing level set formulation because it depends on the gradient flow that minimizes 
the energy.  So it reduces the computational cost.   It works for complex topology.  From our observation it applies 
only for small images and it takes less time compared to Chan-Vese algorithm even though the number of 
iterations is more. But it provides lesser information about contour of images. 
 
 
 
 
 
 
Fig 4.6 (a).Input Image                                        (b)Contour obtained in 210 iterations 
 
 
 
 
 
 
 
 
© Contour obtained in 110 iterations (d) Contour obtained in 640 iterations 
Fig. 4.6. Contour Detection with Distance Regularized active Contour Model 
5.Conclusion 
Rand index is a statistical parameter used to evaluate the segmentation results of various segmentation 
algorithms. It takes the value in between 0 and 1. The value of rand Index 0 indicates that the segmentation result 
is poor. From the graph shown in fig. 5.1, Chan Vese algorithm gives high rand index value compared to global 
Final zero level contour, 610 iterations
Final zero level contour, 110 iterations 
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linear regression, local adaptive mean color and Kmeans clustering as well as edge focusing algorithm and Distance 
Regularized Level set function. So Chan Vese algorithm gives better results for both bunches of leaves as well as 
single leaf. In feature extraction methods, various scale invariant techniques are used to identify the similarity 
between leaf images. So shapes of leaves are very useful to identifying the species of leaf family.  
 
 Fig5.1: Analysis of different Segmentation algorithms based on Rand Index 
        In future after identifying the shapes of leaves, some of the shape representation techniques may be 
introduced for identifying the similarity of shapes. With these shapes, analyzing leaf vein, margins and tip and base 
of leaves will also be considered because families of leaves include the characteristics of vein, base and tips. 
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